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The present invention relates to members used 
in radiation detection instruments and more par- 
ticu!arly fo members used in instruments for de- 
tecting or counting thermal neutrons. 
In the past it has been common practice in de- 
tecting or measuring thermal neutrons fo utilize 
an intermediate reaction in the course of which 
ionized particies are produced by the neutrons. 
For example, it has been proposed fo permit neu- 
trons to react with boron 10 or lithium 6 either 10 
of which atom wi]] give off an alpha particle upon 
reacting with a thermal neutron. The heavy al- 
pha particle is thon more easi]y counted or meas- 
ured than the non-ionizing neutron. 
Since the naturoE1 distribution of the isotope 15 
boron 10 in boron is only about 18.4 per cent, and 
the natural distribution of the isotope ]ithium 6 
in lithium is only about 7.5 per cent, it has been 
proposed to use as a neutron reactive substance 
a material which hoEs been substantially enriched 
in either B 10 or L,i 6. Thus devices have been con- 
structed as for examp]e, the one shown in U. S. 
Patent 2,288,718 to KalLmann et al., in which sev- 
era] cy]inders adjacent to an electrometer tube 
are coated with a neutron-reactive element which 
has been enriched with a neutron-reactive iso- 
tope. 
It is an object of the present invention to in- 
crease the sensitivity and accuracy of devices 
used in detecting or counting thermal neutrons. 30 
It is a further object of the present invention to 
provide a member for use in a device for detect- 
ing or counting thermal neutrons upon which a 
neutron-reactive isotope is arranged so as fo give 
increased efficiency in counting or detecting ther- 35 
mal neutrons. 
A still further object of the present invention 
is to provide a new and better electrode for use 
in a thermal neutron detector or counter. 
The above objects are attained by coating a 40 
member for use in a neutron counter with two 
layers, the first layer comprising a neutron- 
reactive element hot enriched with ifs neutron- 
reactive isotope and the outermost layer compris- 
ing a neutron-reactive element enriched with its 45 
neutron-reactive isotope. 
For example, in the formation of a boron coat- 
ing on a steel member to be used in a neutron 
counter, it has been round that adherent coatings 
are obtained only at temperatures sufficiently 50 
high that some diffusion of boron into the steel 
óccurs. Since boron atoms of mass 10 have a 
large capture cross-section for neutrons of ther- 
mal energy and afteï capture give fise to alpha 
païticles, it wfll be ïeadfly seen that such boïon 
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atoms of mass 10 as diffuse into the steel will 
emit an alpha particle if a thermal neutron is ab- 
sorbed. Sinee such atoms are removed from the 
surface of the steel member, however, the alpha 
particle is often hot detectable because of ifs very 
limited range in steel. In the operation of the 
present invention the steel membeï to be used in 
a neutron counter is first coated with ordinary 
boron or even with boron which has been 
riched with respect to the isotope of mass 11 
which does hot readily absorb thermal neutrons. 
Af ter sufficient boron has been deposited fo forrn 
a distinct film, a coating of boron which has been 
enriched with respect to mass 10 is added. Thus, 
the neutron-reactive atoms are in the main dis- 
posed on the outer ]ayer of the coating in such 
a position that the alpha particles emitted may 
be readily detected and a minimum of the alpha 
particles are absorbed in passing through solid 
media. It wfll be obvious fo those skflled in the 
art that the principle of the present invention is 
applicable regardless of the nature of the article 
being coated, since any substance beneath the 
outer layer which will capture thermal neutrons 
will serve to ïeduce both the number of detect- 
able alpha particles and the numbeï of neutrons 
remaining to be captured by the outer layer. 
The principle of the present invention may be 
incorporated into coated articles of various shapes 
and various materials for use in devices for de-. 
tocting or counting thermal neutrons. For 
ample, the article so coated may be a cylindrical 
member, a tube-shaped member, a fiat plate or 
a cup-shaped member among others. The article 
so coated may consist of any suitable material 
which can be formed into the desired shape. 
Likewise the coating may be accomplished in 
any suitable manner, such as applying the boron 
in elemental or compound form with an organic 
binder or by a gas pyrolysis process similaï to 
that disclosed for coating with boron in U. 
Patent 2,307,005 to Ruben. 
As wfll be apparent to one skilled in the art, it 
will in some instances be desirable fo ferre the 
two layer coating on only one side of the more- 
ber te be used in a neutron counter, and in seine 
instances it will be desirable te form the coating 
on both sides, depending on the structural fea- 
tures of the counter. For example, it rnay be de- 
sired te ferre the present coating on one or on 
both sides of a fiat plate or on the inteïior stu'- 
face or on both the interior and exterioï surfaces 
of a tube-like rnembeï. 
For purposes of illustration, the coating of a 
typical mernbeï for use in a neutron counter wfll 
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be described, leferring to Fig. 1, which repre- 
sents one method of accomplishing the coating of 
the present invention, 3 represents a cylindiical 
steel tube upon the interior surface of which itis 
desired fo place a coating of boron. So coated, 
the tube 13 will be suitable for use as one elec- 
trode of a neutron counter. Tube 13 is supported 
on Mycalex support plate  2 inside evacuated bell 
jar 9 on metal base plate 0. Storage vessels  
and 3 contain diboÆane ruade ïrom natural boron 
and diborane enriched with respect to the iso- 
tope B I° respectively. Metal tube  is provided 
with an orifice at ifs end inside bell jar 9. Tube 
3 is heated by induction from a coil (not shown) 
around bell jar 9. A suitable source of hydrogen 
is connected to needle valve 8. -, 4, and G are a]so 
needle valves, and 7 denotes a pressure gauge. 
To deposit boron, hydrogen is admitted through 
valve 8 while the vacuum pump is in operation 
and tube   is heated to about 700 ° C. in the flov¢- 
ing hydrogen atmosphere. Next, tube  3 is cooled 
to about 400 ° C. and a measured amount of di- 
b0rane is allowed to pass through valve 2 into a 
tank of known volume §. Meanwhile the hydro- 
gen continues fo flov¢ through valve 8 and to be 
pumped avcay at such a rate that the pressure 
in bell jar 9 is about 2 mm. of mercury. Valve 
6 is opened slowly to adroit diborane at a rate 
which limits the pressure in bell jar 9 to about 
4-5 mm. of mercury. When substantially all of 
the diborane in tank 6 is exhausted, valve .6 is 
ctosed, and enriched diborane is admitted in the 
desired amount through valve 4. Valve G is then 
opened to allow deposition of the enriched ma- 
terial under the saine pressure conditions as 
used for the natural diborane. 
The steel tube thus treated bas on the inside 
surface a base layer of ordinary boron and a 
top layer of boron enriched in the isotope B 10. 
As such, the tube is well suited for use as an 
electrode in a thermal neutron counter. It will 
be apparent to one skflled in the art that the 
above or some 0ther suitable procedure may be 
used to coat elements of various shapes and ma- 
teriats with boron for use in connection with 
neutron counters. 
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I claim: 
1. An article having a base coat containing a 
thermal neutron-reactive element unenriched 
with respect to the thermal neutron-reactive 
 isotope and a surface coat in intimate contact 
therewith containing said thermal neutron-re- 
active element enriched with respect to said 
thermal neutron-reactive isotope. 
2. An article as recited in claire 1 where the 
I thermal neutron-reactive element is boron. 
3. An article as recited in claire 1 where the 
thermal neutron-reactive element is lithium. 
4. An article having a base coat containing 
boron substantially devoid of the isotope B» 0 
i and a surface cat in intimate contact therewith 
containing boron enriched with respect to the 
isotope B» 0. 
5. In an instrument for detecting thermal 
neutrons an electrode having a base coat con- 
taining boron unenriched with respect to the 
isotope B» 0 and a surface coat in intimate con- 
tact therewith containing boron enriched with 
respect to the isotope B» 0. 
6. In an instrument for detecting thermal 
neutrons an electrode having a base coat con- 
taining boron substantially devoid of the isotope 
B 10 and a surface coat in intimate contact there- 
with containing boron enriched with respect to 
the isotope B» 0. 
7. A cylindrical tube îor use as an electrode in 
a slow neutron detector, said tube having on the 
interior thereof a base coat of boron unenriched 
with respect to the isotope B 0 and a surface coat 
in intimate contact therewith of boron enriched 
with respect to the isotope B» 0. 
HENIY W. BOUSMAN. 
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